Intraspecific individual differences in behavior have been extensively described in human and nonhuman primates and other mammals, but there have been fewer reports on such variation in other classes of vertebrates, such as birds (Beauchamp, 2000) . Avian studies that have described individual differences have reported on variation in personality traits in adult zebra finches (Figueredo, Cox, & Rhine, 1995) and juvenile great tits (Drent, van Oers, & van Noordwijk, 2003) ; exploratory behavior in jackdaws (Katzir, 1982) ; feeding habits in American robins (Jung, 1992) and oystercatchers (Norton-Griffiths, 1967) ; vocalizations such as distress screams in starlings (Chaiken, 1992) , songs and calls in a variety of monogamous or colonially living species (Falls, 1982) , coos in collared doves, (ten Cate, 1992) , and booms in bitterns (McGregor & Byle, 1992) .
Although such individual variation has been little reported outside of humans and other primates, it is extremely important in nature because natural selection operates upon just such individual differences within a population (Slater, 1981) . Intraspecific individual differences impact sexual selection, breeding success, group dynamics, use of territory, predator avoidance, foraging, and resource use; hence, they affect a range of survival and conservation issues.
The present article describes the emergence of stable individual differences in two groups of young yellowcrowned parakeets on 38 developmental tasks that have cognitive and motor components (see the Appendix). Two groups of siblings were tested, one hand-reared and the other parent-reared. Tasks were from three Piagetian scales (listed in Uzgiris & Hunt, 1989 ) that have been widely used to assess development in human infants. Use of the scales allowed testing of both individual differences and various aspects of cognition in the birds in a standardized way, and use of siblings allowed us to show the variation that can exist within a family group. Subjects performed the tasks spontaneously, in accord with Piagetian protocol. Results of the two groups' task performance have been reported in several articles, on the subjects of object permanence (Funk, 1996a) , spatial relations (Funk, 1996b) , and means-end understanding (Funk, 2002) . The topic of this study, the birds' emerging individual consistency in rank order on task performance, was observed across different types of tasks from a fledging state at 6 weeks to maturity at about 8 months. Their performance was consistent across the three scales; one of the scales (object permanence) was declarative in orientation, allowing them to make right or wrong answers, whereas the other two scales were procedural, focusing on whether or not they could perform a task. Comparisons across procedural and declarative aspects of performance allowed assessment of the stability and generalization of individual differences.
The Piagetian tasks (Piaget, 1953 (Piaget, , 1954 , targeted originally for human infants below 2 years of age, have been used extensively to test cognitive development in nonhuman primates and other mammals (Doré & Dumas, 1987; Tomasello & Call, 1997; Vauclair, 1996) . These sensorimotor activities show how young subjects first begin to react to objects and gather information about their surroundings. For instance, the scales focus not just on the earliest evidence of walking, but rather on walking to at-
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tain some object; not on seeing, but on using vision to follow the trajectory of an object and note its disappearance. Such activities, attaining objects and following trajectories, are also common in young birds in the wild. In fact, many of these tasks are also biologically relevant to development in the wild for many avian species, because the more complex skills impact food gathering, exploring, playing with and learning about novel objects, finding others, making detours, and other common activities for the young. Of course, not all the tasks resemble activities that might be in the repertoire of nonhuman animals, and comparative testing may heuristically find not only these differences, but also hitherto unrecognized abilities in other species. The object permanence tasks, in particular, can be used to assess not only which species have particular abilities, but also the quality of attention of those species (Pepperberg & Funk, 1990) . Such a broadly adaptable protocol is helpful, then, in comparative testing.
The natural history and abilities of a species can suggest its cognitive potential on comparative testing. For instance, Diamond (1987) has suggested that birds living in rich, tropical forests may be selected for specialized learning abilities useful to locate resources. New Zealand parakeets, for instance, live in a temperate rain forest, forage for a wide number of plant species (about 90), and are very persistent, attentive, and "systematic" in their search for concealed insects (Greene, 1988) . These parakeets are flexible as well, able to live in a range of habitats and on a variety of foods (Taylor, 1985) . The birds in the present study were active and prone to explore and manipulate as subjects. In previous studies (Funk, 1996a (Funk, , 1996b (Funk, , 2002 , the parakeets did well on the tasks given them, performing successfully on 33.5 out of 38 tasks in the three scales (they failed to stack objects or fill containers).
In this article, we analyze individual differences noted in task performance and assess when the differences emerged in the young subjects. We also examine subject characteristics, such as hatch order, sex, activity level, latencies, avoidances, social status, and errors, to see if any of these factors correlated with the performance ranks. Two activities were also administered from a fourth scale (Scale IV; Uzgiris & Hunt, 1989) involving unstructured play with novel objects. We introduced these final activities to see whether the individual patterns of behavior apparent in the other three scales were artifacts related to structured testing (possibly somewhat aversive to some of the subjects) or were more generalized individual responses that would also emerge in a free-play situation.
METHOD Subjects
Much of the information in this section reports details of the testing methods already described in three previous articles (Funk, 1996a (Funk, , 1996b (Funk, , 2002 .
Eleven yellow-crowned parakeets of New Zealand (commonly called "kakariki") were tested on 38 sensorimotor activities from ages 4 weeks to 32 weeks. Six of the 11 parakeets were parentreared in a laboratory at Northwestern University. Five others from a later brood (same parents) were removed from the parents at 2-4 weeks of age and were then partly reared by "Kiri," an unrelated female kakariki, and partly hand-reared by the principal investigator. The first group included 2 females, 3 males, and an additional male with minor problems in fine motor control; the second group included 2 females, 2 males, and another male who had minor impairment in movement. Impairments of the 2 disadvantaged birds had been noted when they were fledglings and were later noticeable only sometimes during testing. They accommodated well to life in their home cage and were among the more active, vocal individuals.
Every few days starting at 4-5 weeks, the parent-reared birds were removed from the nest box and quietly spoken to while being gently handled, in order to accustom them to the investigator. The hand-reared birds were taken out of the nest box and were observed starting at 4 weeks of age on tasks such as the slow trajectory and glancing around to locate sound. Because they were accustomed to handling, they were able to settle down and start work on the tasks earlier, and thus were analyzed in a separate group.
Diet and Housing
The birds were fed a diet of mixed parakeet and parrot seeds, fresh fruits and vegetables, and water with a vitamin supplement. On testing days, they were not offered their preferred seeds (safflower and sunflower) so that these could be used as rewards. Food and lighting were the same for all subjects.
Both groups of birds were removed at 6 weeks into flight cages (77 ϫ 77 ϫ 36 cm) with hanging toys (rawhide strips and colored rings). The parent-reared group were caged apart from their parents after fledging but were housed in the same room with them. The hand-reared group were housed together with one another but apart from Kiri, the unrelated kakariki who had earlier fed them; usually, though, they were still in the same room with her.
Testing Environment and Search Items
The birds in both groups were tested individually in the same two testing cages (40 ϫ 40 ϫ 50 cm and 61 ϫ 51 ϫ 38 cm). Lighting, search items, manipulatives, and testing procedures were the same for all subjects.
Objects used in testing the object permanence scale were small napkin pieces (6 ϫ 6 cm) to hide food rewards (seeds or pieces of fruits) and small candy cups or a coffee scoop for transferring the reward item. For the means-end scale, the same food rewards and paper pieces were used. Other test items were elastic string or rawhide strips (12-18 cm), sticks and T-sticks (12-20 cm), and a small matchbox. For the spatial relations scale, plastic keys, bottle caps, and the candy cups were used in addition to the following items (3-6 cm): a small mirror and a round disk with a silver (reflecting) surface on one side, a small plastic ball with a bell inside, and colored plastic bottle caps. For the unstructured play, we provided the small toys (3-8 cm) that Uzgiris and Hunt (1989) suggested to interest human infants: a small rabbit toy (operated by a string, with arms and legs that could be moved by pulling the string), a mechanical wind-up rabbit, two roly-polys (one with a mirror on top), a small penguin on wheels, a small blue top, and a green top with a bell inside.
Tasks
Scale I: Object permanence. Object permanence tasks test search skills and visual tracking. Tasks 1 and 2 involved visually following colored yarn in a slow trajectory and noting its disappearance. In Tasks 3-9, reactions to hiding procedures were measured, with subjects directly observing the object being hidden (visibly displaced). In Tasks 10-15, the reward was invisibly displaced from a container or hand, and the empty container (or hand) was then shown to the subject so that the investigator could see whether the subject could infer the new location of the object. In the first two visible displacements, a small piece of apple or grape was partly covered (Task 3), then fully covered (Task 4), under a piece of napkin. Tasks 5 and 6 were presented together: A few seeds were hidden in one of two places (Task 5), and then the two hiding locations were alternated (Task 6). In Task 7, seeds were hidden in one of three places; in Task 8, the seed reward was shown being moved between the three places and then hidden. Overlapping covers (small candy cups and napkin pieces) were the hiding locations for seeds in Task 9, testing for perseverance in removing the multiple covers as well as approach to a novel object, the candy cups. In Tasks 10-15, a few seeds placed in a small coffee scoop were shown to the subject, then covered while the cup was surreptitiously emptied under one cover (Task 10), then under one of two covers (Task 11), then under one of two covers that were alternated (Task 12), and finally under one of three covers (Task 13). In Task 14, the seeds were hidden in the investigator's hand, the hand was moved between three covers, and the seeds were placed surreptitiously under the last cover. In Task 15, the investigator either did not hide the seeds under any cover, or displaced the seeds hidden in her hand under the first cover but continued to move her hand between the other covers, pausing at them as in the previous task. This task tested for odor cues.
Scale II: Means-end. Functional understanding of causal relationships was evaluated using the means-end tasks. Initial activities were hand (claw)-watching (Task 1), grasping a seen object (Task 2), playing with objects such as rawhide strings or colored rings (Task 3), letting go of one object to reach for another (Task 4), and locomotion as means to obtain an object (Task 5). For Task 6, a small napkin piece was placed in the front edge of the cage tray, which had been pulled out in front of the cage so that the subject could reach the edge of the napkin. In Task 7, two napkin pieces were presented side by side, only one of which had seeds on it. This situation tested whether the subject had a functional understanding that by pulling on the appropriate napkin piece, she would obtain seeds. Tasks 6 and 7 were tested together, because both tested awareness of the support relationship. When an empty support is set in front of a subject (as directed in the original version of Task 7), it is difficult for any subject to restrain a tendency to pull in a support piece even though it is empty. Uzgiris (1987, p. 151 ) discussed this problem and suggested that a "better assessment situation" needed to be designed for Task 7. The protocol used in this experiment (and also in Mathieu, Daudelin, Dagenais, & Decarie, 1980 ) is adequate to demonstrate the understanding of a support relationship. For Task 8, elastic strings or rawhide strips with pieces of apple or grape were positioned at the front of the cage tray, which was again pulled out in front of the cage. In Task 9, the strings with the rewards on the end were hung vertically from the cage bars. An apron around the bottom of the cage kept the birds from simply reaching the hanging reward through the bars. Because of either the birds' difficulties with the tasks or procedural errors, Tasks 10-12 had to be eliminated from the analysis.
Scale IV: The development of operational causality. The seven activities on this scale repeat several tasks from other scales, assess game playing abilities, and include two activities involving play with common toys. We used the latter two activities: 6. "Behavior to a spectacle created by an agent acting on an object" and 7. "Behavior to a spectacle created by a mechanical agent." For Task 6, small tops, roly-polys, a small figure on wheels, and a rabbit with arms and legs that could be operated by strings were demonstrated for the birds, and for Task 7, the mechanical rabbit was demonstrated for them.
Scale V: Spatial relations. The ability to assess spatial relationships among objects was measured on this final scale. Subjects glanced between objects (Task 1), located objects by sound (Task 2), and grasped objects under visual guidance (Task 3). Task 4 involved visually following objects along a rapid trajectory. Task 5 required reversing objects (turning around small mirrors) to see the reflecting side. In Task 6, containers (small candy cups) were to be filled and emptied of seeds. Task 7 consisted of balancing blocks on each other. Small styrofoam blocks were sprayed with bitter apple so the birds would not try to eat them. Because the birds did not attempt Task 7, another Piagetian task at the same level of difficulty was substituted that also tested balancing and maneuvering: For this task, the birds manipulated 13-to 18-cm twigs suspended on elastic string through the bars of the cage (Piaget tested this activity when his 15-month-old subjects were in playpens). In Task 8, subjects were to raise and lower strings with small balls on the ends (as seen in a film on the tasks: Uzgiris & Hunt, 1967) . Because of procedural errors, Tasks 9 and 11 were not included in the analysis. Detour behavior was measured on Task 10: We used four types of increasingly difficult detours: (1) a large wastebasket (38 ϫ 35 cm), (2) two cushions (46 ϫ 62 cm), (3) two transparent plastic screens (56 ϫ 56 cm), and (4) a tall white wooden room divider with four panels that formed a cul-de-sac.
Procedure
There was no pretraining on any tasks, since they were presented to investigate the spontaneous reactions and the natural abilities of the young birds. Sessions were 20-40 min long, depending on the attention and cooperation of the subjects. Each scale had a minimum number of three sessions per task (see the Appendix for the number of trials involved in each task). However, in some cases, individuals required additional sessions to reach criterion due to their errors (Scale I), avoidances, or mistrials.
Testing for each of the birds was distributed across morning and afternoon sessions. Usually three tasks from different scales were presented in a session. One of two persons presented the tasks, observing and recording the results; at times, the other person videotaped a sample of the responses. Tasks were presented in scale order (to see whether the birds would follow that order), except for a few random probes such as the detour task (Scale V, Task 10). When a subject (who was not obviously tired or fearful of a novel object) failed to approach a new task, a familiar task was presented to check for motivation to work. If the familiar task was not performed, the session was discontinued. If the familiar task was performed, then a more advanced task was presented to probe for scale ordinality. If correctly performed, the task would be repeated for the required number of trials, usually a total of three (see the Appendix). Exploration of a novel object, play, or failure to approach the task within the allotted time were treated as mistrials or avoidances. The latter reactions plus errors on the object permanence scale allowed differences in rates of progress to emerge among the birds.
Measures and Analyses
The primary dependent measure of performance on tasks from the three scales was the age at criterion-that is, each bird's first correct session that was followed by a second correct session (Funk, 1996a) . Age at criterion for each task was then converted to rank order within each of the two groups to evaluate stability of individual differences in performance.
Seven subject characteristics were assessed: (1) Each bird's hatch order and (2) sex were noted. (3) Errors were recorded on object permanence Tasks 3-15 but not on tasks from the other scales, because those other tasks offered little opportunity for error. Rather than accuracy, the measure on the other scales was simply completion of the task; for example, did a subject pull in the string or not? (4) Activity level in the home cage was measured in contrast to inactivity, which could emerge in forms such as staring, clinging to the side of the cage, resting, or sitting. Twenty hours of observation were gathered over a 3-month period for each group to see whether general activity level varied among individuals. (5) Latency, the time from presentation to approach of an the activity, was filmed and analyzed on random tasks in each scale for each subject.
(6) Avoidances were counted when subjects failed to react in a session. Initial tasks on the three scales were not included in this analysis, because subjects at that point were too young to pay attention, making it difficult to reliably assess them on these simple activities. (7) Finally, we ranked the birds on their social status. Alpha status was represented by the dominant male in each group and the female in each group who maintained proximity with the alpha male and who displayed dominance over the other females in her group, as manifested by priority in place and feeding.
We used the Kendall coefficient of concordance to test stability of age ranks of the birds at criterion on 38 tasks. This test measures the relation among a set of rankings of a group of objects or individuals (Siegel & Castellan, 1988, p. 262 Note-OP (object permanence): I (initial), Tasks 1-5; M (middle), Tasks 9, 6, 10-12; F (final), Tasks 7, 8, 13-15. ME (means-end): I, Tasks 5, 3, 4, and 2; F, Tasks 6-9. For Tasks 10, 11, and 12, see task descriptions. SR (spatial relations): I, Tasks 1-4; F, Tasks 6, 5, 10, 7, and 8. For Tasks 9 and 11, see task descriptions.
man's chi-square test ( 2 r ), and analyses of variance (ANOVAs) were used to evaluate other relations among subject characteristics.
RESULTS
Analyses were conducted independently on the ages at criterion for the parent-reared (PR: n ϭ 6) and handreared (HR: n ϭ 5) birds using Kendall coefficients of concordance. For the final block of tasks on each of the three cognitive scales, each group of birds showed significantly stable mean rank orders of age at criterion (see Table 1 ). Two birds, 1 from each group, were excluded from subsequent analyses (see Table 2 ) due to impaired foot use, which added considerable variability to their performance. (Analyses including these birds did show similar patterns of significance to those seen with the core birds, but sometimes at a lower level, for example, at p Ͻ .05 instead of Ͻ .01.) Although the final ranks were not identical across the three scales, for the PR group they were significantly correlated according to a Kendall coefficient of concordance [W(5,3) ϭ .778, p Ͻ .05]. For the HR group, it was not possible to directly confirm statistical significance with such a small sample using a Kendall test. However, in accordance with Zar (1984, pp. 355, 567) , a conversion to a Friedman's chi-square statistic indicated a significant correlation of final ranks across the three scales ( 2 r ϭ 8.199, p Ͻ .05). The analysis of the core birds alone (excluding the 2 impaired birds) showed an increase in the statistical stability of final rank orders, as seen in Table 2 . A significant increase in the differentiation between ranks was verified by repeated measures ANOVAs for each scale, as stated below. Table 3 shows performance for the 9 core birds on the set of 15 object permanence tasks. Across the set of 15 tasks, the birds in each group showed significantly stable rank orders in age at criterion [Kendall coefficient of concordance: PR, W(5,15) ϭ .393, p Ͻ .01; HR, W(4,15) ϭ .630, p Ͻ .01]. Examination of ranks by blocks of tasks showed the emergence of these stable individual differences over 3 months of age (see Table 2 ). Figure 1 illustrates the increasing stability (i.e., less variability) of the birds' ranks over time. Two 2 ϫ 2 mixed ANOVAs indicated significant reductions in the range of ranks over time [initial vs. final block, F(1,7) ϭ 10.234, p ϭ .015; middle vs. final block, F(1,7) ϭ 13.244, p ϭ .008].
Scale I. Object Permanence

Scale II. Means-End
In order to examine stability of individual differences in performance ranks over time, the tasks were divided into two blocks according to the mean order of task completion, which although not identical for the two groups, divided clearly between the early developmental tasks and the later, more complex tasks. Although ranks were not identical for each block, there was significant concordance across ranks on the entire set of eight tasks [Kendall coefficient of concordance: PR, W(5,8) ϭ .598, p Ͻ .01; HR, W(4,8) ϭ .361, p Ͻ .05]. The individuals in both groups showed significant stability of ranks on the final blocks (see Table 2 ), which contrasts with the greater instability of ranks in the initial blocks of tasks. The increasing stability of the birds' ranks over time is also seen in Figure 2 [ANOVA, F(1,7) ϭ 5.095, p ϭ .059].
Scale V. Spatial Relations
Again, there was a statistically significant stability of ranks across the entire set of nine spatial relations tasks [Kendall coefficient of concordance: PR, W(5,9) ϭ .254, p ϭ .05; HR, W(4,9) ϭ .503, p Ͻ .01]. Both groups showed significant stability of ranks in age at criterion Note-Ages for human infants are given in Uzgiris and Hunt (1989, pp. 105-121) . See the Appendix for detailed task descriptions.
on the final block of tasks (see Table 2 ), which contrasts with the absence of stable ranks in the initial block for each group. 
Subject Characteristics
Rank orders based on hatch order, sex, activity level, latencies, avoidances, social status, and errors did not show significant association with the stable rank orders of the cognitive scales according to Spearman's rank-order correlations, all ps Ͼ .05.
Hatch order. The identifying numbers for the birds are arranged in chronological (or hatch) order. As can be seen in Table 1 , even though the final rank order was often similar to the age (hatch order), it is not identical. The PR birds began the tasks when they emerged from the nest box; thus, all of them were at about the same age when they began the testing. The HR birds began when a few early tasks were tried at around 4 weeks; thus, they were also about the same age as they began testing. Table 2 and Figures 1, 2 , and 3 show that rank orders on the initial blocks were quite variable, and thus not solely determined by hatch order. Also, the range of the criterion ages on the final task (PR, 25 d; HR, 43 d) exceeded the range at task outset (PR, 8 d; HR, 8 d) , which allowed room for movement in ranks.
Avoidance behaviors and social status. Three individuals, P2, P3, and H7, as well as the two impaired birds, showed above average avoidance behaviors. It was un- 
Task Blocks
derstandable that the impaired birds, P6 and H8, avoided performance more on tasks requiring manipulation. However, the other 3 birds were the same ones that had consistently found handling aversive as nestlings and that later ended up as 3 of the 4 alpha individuals in their groups. When P2 and P3 were taken from the nest box for the first time, both were frightened. P2 struggled, gave distress cries and bit the hand that held her. At 5 weeks of age, P3 was so frightened when he was taken from the nest box that he became immobile for the 5-10 min he was with the investigator. Handling continued to be aversive to both birds. H7, the oldest of the HR group, was 4 weeks old when taken from her parents, and was thus hand-fed the least. She preferred to get what she could from Kiri or feed on the millet and vegetables that the adult female brought into the nest box. A phi coefficient (r ), assessed by a Fisher's exact test, indicated that this early resistance to handling was significantly correlated with the subsequent emergence of dominance status in both groups (Fisher r ϭ .791, n ϭ 9, p ϭ .0476). Also, on the final block of object permanence tasks, we observed that all of the 4 alpha individuals made significantly more errors ( x ෆ ϭ 10 errors) than did the nondominant birds ( x ෆ ϭ 6.6 errors) (r ϭ .80, n ϭ 9, p ϭ .040). Unstructured tasks: Free play from Scale IV, development of causality. After completion of testing on the other three scales, two tasks from Scale IV involving novel toys (see Testing Environment and Search Items in the Method section) were introduced to allow observation of how subjects reacted during unstructured play. Tops, roly-polys, and wheeled toys were available, along with a string-operated rabbit and a mechanized toy to be manipulated. After a brief demonstration of the toys, most subjects approached and played with the toys. They 
bit on the string that operated the small rabbit toy, a few of them actually pulling enough to move its arms and legs. After demonstrations of the mechanical rabbit, they applied their beaks or claws to the winder many times, and sometimes the rabbit would move a bit, but they were not able to wind up the toy effectively, and it was not expected that they could do so. The tops and the other moveable toys attracted them also. Several birds were slow to engage with the toys. P2 and P3 did not even approach any of the toys in their initial session. H7 and H9 did not play much with the toys in their first session, and H8 mostly sang, but each of these three did approach and touch a few of the objects and stayed near them, looking at them. These birds all did play with the toys in the two later sessions.
Structured task behaviors. A number of individual birds showed consistency of traits on several behavioral measures. After the early developmental activities, 6 of the birds performed every single day that they were tested; that is, they took no "days off " in which the subject would not perform any of the three tasks presented. The other 5 birds collectively had a total of 9 "days off " during almost 7 months of assessment. Across both groups, alpha female P2 had the highest number of errors on the object permanence scale, and alpha female H7 had the highest number of avoidances. P2 and H7 each had 2 "days off " (1.5% of total sessions for the former and 1.6% for the latter). P3 made relatively few errors on the object permanence scale, but these errors were concentrated in the final block of tasks, by which time the young male had become uncooperative during the testing. He had the same high avoidance level as P2 on the tasks. H9, the alpha male in his group, was not so reactive as were the other alphas; he had the lowest percentage of avoid- 
ances on all tasks but the highest number of errors on the object permanence scale in his group, and he took 1 "day off " during testing. For the nonalpha, nonimpaired individuals, only P5 took a "day off " tasks (.08% of his total sessions). He had an intermediate number of errors, intermediate latencies, and intermediate avoidances. P4 and H8 were interactive subjects from early in the testing. P4, at about 7 weeks, partly tracked red yarn in a trajectory, when all others in the group were avoiding even looking at it. H8, however, tracked the syringe filled with food as it was moved in a trajectory above him at 4 weeks, but would track nothing besides the syringe for the next 2 weeks. On the hiding procedures, both of these birds remained attentive and calm, able to follow the targets closely. P1 also was a tamer individual, and he and P4 were the only individuals who correctly performed all tasks on Scales II and V in their first sessions. They had an intermediate number of errors on Scale I and no "days off." P4 had more avoidances and longer latencies, characteristics typical of the females, and P1 had the shorter latencies and fewer avoidances typical of the males. H10 and H11 had few errors on the object permanence scale; both were attentive subjects, and they had typical percentages of avoidances and latencies for their sex and no "days off."
The impaired birds, P6 and H8, had high avoidances and high latencies on the manipulation tasks (Scales II and V) but low latencies on approach to the toys. H8, who had a minor problem with movement, had no "days off," but P6, who had claw problems, had 3 "days off," all on tasks from the means-end scale that required manipulation of strings or supports. In spite of being the youngest in his group, P6 had the fewest errors in his group on the object permanence tasks, and H8 had the fewest errors of all subjects.
DISCUSSION
The present study of yellow-crowned parakeets revealed the emergence of stable individual differences in performance ranks at criterion age on 38 tasks across three cognitive scales: Object permanence, means-end, and spatial relations. These stable rankings were observed in two groups of birds, one parent-reared and the other hand-reared. For each group of birds the criterion age ranks on the final blocks of each of the three cognitive scales were significantly stable and correlated across the three scales. In the very young birds, the initial blocks of tasks most often did not show the stable rank orders in performance seen in the later blocks, after about 13 weeks of age (see Table 2 ). This instability of ranks in the initial tasks indicated that hatch order was not itself a determining factor of performance rank, even though the dependent variable was mean age at criterion. On all scales, the final ranks generally showed greater stability (Figures 1, 2, and 3 ) of ranks on the later blocks of tasks than on the initial tasks. This greater variability of ranks seen on the earlier tasks relative to the more stable final ranks supports the developmental emergence of these individual differences in cognitive performance.
Testing Siblings
It is notable that the subjects were two sets of young siblings who showed stable individual differences on the tests, not just randomly selected individuals who would be more likely to have a variety of reactions to the tests. Verbeek, Drent, and Wiepkema (1994) gathered data on 27 juvenile great tits and siblings, showing that the siblings' reactions to a novel object were more alike than nonsiblings' reactions. Using reactions to the more complex object permanence tasks, however, siblings in the present study ranged from requiring 7 extra sessions to perform tasks (because of errors) to requiring 25 extra sessions (Funk, 1996a) , a very wide difference. Fox (1972) , who studied four litters of 18 wolves in their responses to different stimuli, also found "wide" intralitter variation, which he suggested helped packs function because of the varied roles the individuals could play in the pack. MacDonald (1983) used unfamiliar objects and other tests with one litter of 5 wolves and again found variability and consistent responses (after 6 weeks). We know from dominance (peck order) studies that in many wild birds raised in sibling groups, individual differences emerge and diversify birds from each other within the developmental environment of their siblings (see discussion in Welty & Baptista, 1988, pp. 201-211) .
The behavioral differences of these related parakeets were remarkable. Despite the hand-rearing of one group, reactions of those individuals varied, with some being more at ease and some more wary during the testing, just as was the case with the parent-reared group. These reactions in some subjects were noticeable when they first left the nest box. Certain of the birds (P1, P4, H8, and H11) would readily and consistently hop on the hand of the investigator when it was time to leave the cage for the testing. In contrast, P2, P3, and H7 were more likely to hang back. For both groups, all the birds had the same parents and were born in the same lab. Nevertheless, across diverse tasks, the parakeets showed individual differences in their performance ranks that were significantly stable on three scales. These statistical data are supported by their behaviors on the testing and their performance on the free-play assessment.
Stable Sibling Ranks After 13 Weeks
In trying to understand why the birds' ranks should become more stable after 13 weeks, we might examine what developmental milestones occurred around 13 weeks for these captive parakeets (note also discussion of milestones for the grey parrot (Pepperberg, Willner, & Gravitz, 1997) . At 13 weeks, the hand-raised parakeets understood "simple" (Stage 4) object permanence (Scale I, Task 4), a hiding procedure of a reward under one cover. (The grey parrot passed this milestone at 15 weeks.) The parakeets could also successfully locate a reward under one of two covers (Scale I, Task 5), but not when the reward was alternated between the covers (Scale I, Task 6; A-not-B error). These results indicate that in the wild, the birds may functionally remember their nest hidden in a tree cavity and likewise recall their siblings, parents, or predators when these others are not present. On Scale II (means-end), Tasks 6-9 were completed around 13 weeks. At this point, the birds should thus be able to pull in food on a support (fruits clustered on leaves) or retrieve fruits hanging on a limb (Funk, 2002) . On Scale V (spatial relations), Tasks 5 and 6 were also completed at around 13 weeks. They involved exploring objects and extracting items from containers, which would help in obtaining seeds from pods in the wild (Funk, 1996b) . Six or 7 weeks after fledging, parakeets have learned much about the environment, they can procure food, and their social behavior has emerged. Thirteen weeks is probably long enough to develop a characteristic approach for these altricial birds and perhaps for other closely related species, like rosellas.
Declarative Versus Procedural Scales
This consistency of performance ranks across differing cognitive domains is noteworthy. The three scales, while sharing certain task demands, each also had some distinctive components. All three scales required some degree of attentional focus, perseverance, exploratory and goal-directed behaviors, motor abilities, and response to novel objects or events. In addition, the more declarative object permanence tasks, dealing with factual data, especially required selective attention and short-term memory. The means-end tasks were more procedural, requiring fine manipulative skills, the formulation and maintenance of a goal, and perception of object affordances (Gibson & Spelke, 1983) . Likewise, the procedural aspects of the spatial relations tasks involved more gross visuospatial-motor integration, which underlies skills useful for navigating the environment. Thus, although there is some congruity of processing demands across these three scales, the observed consistencies of individual differences in performance occur in the presence of considerable disparity among these domains. The parakeets' performance showed the effects of these differences in task demands, because both groups completed the means-end and spatial relations scales when they were halfway through the object permanence scale.
Disabilities and Cognitive Performance
As noted above, two birds had minor physical impairments that impacted their task performance. Thus, their performance was evaluated separately from the core birds on stability ranks. Their physical and/or vocal activity levels were high. Their latencies on manipulatory tasks were the longest in their groups, but when they did eventually engage in tasks their performance was usually quite good. In fact, each of these subjects had the lowest number of errors in his group on the object permanence scale.
The longer latencies in both of these subjects, despite their high activity level otherwise, may have reflected their assessment of their own capability of the task. They could opt to avoid a task if they were unsure of how to correctly proceed (note the discussion of metacognition in pigeons in Fantino, 2003) or if they were conserving energy when unsure that they could physically perform successfully. (Energy budgets are often viewed as an important constraint in foraging: Caraco et al, 1990 .) Because of their impairments, these individuals probably had to try even harder than did their siblings; they certainly would have had to do so for survival in the wild.
Individual Differences in Behavior
Hatch order and task performance. Hatch order was not the determining factor in final performance rankings. This can be seen on Table 2 , where, across the three scales, five of the six early blocks of tasks did not show performance ranks coinciding with age order. Ranks were determined primarily by the birds' idiosyncratic performances. For example, P2, who finished last on two of three blocks on the object permanence scale, did not just do poorly at the outset and then stay behind due to that delay, making her end up last: She was only 2 days behind P1 when she finished last on the first block of tasks. She moved ahead of P1 on the next block, but then made more errors (15) than any of the other subjects on the last block. H7, oldest in the HR group, had a similar history. She made fewer errors on the scale than P2, but avoided performance in twice as many sessions (15) as any of the others in either group. P1 actually improved his rank as the testing progressed, and ended as midranked because, although he had second highest number of object permanence errors, he avoided none of the tasks on the last two blocks of 10 tasks and their three repetitions (5 other birds also had no avoidances). The youngest in each group, P6 and H11, won their ranks because of their very low number of errors and avoidances on object permanence tasks. Movement in ranks for many subjects on all three scales can be seen in Table 2 .
Avoidance behavior. There are many reasons for avoiding task performance (for a discussion, see Pepperberg & Funk, 1990) . In this study, three of the four alpha individuals were less tractable and cooperative than the other birds. Handling had been aversive to them from the start of testing; perhaps they were genetically still more "wild" than the other siblings. Their avoidances impacted how long it took them to reach criterion, thus affecting their final performance ranks.
Interestingly, in the final block of object permanence tasks, these three high-avoidance alphas showed the greatest number of errors in their groups. The greater error rate by these dominant subjects may reflect a relative impairment under the arousal of the testing situation, as suggested by the Yerkes-Dodson (1908) law, which notes that high arousal has an averse relation with complex task performance. This relationship produces an inverted U-shaped function, in which lower performance levels occur when arousal levels are either too high or too low. Thus, the persistent avoidance of handling and testing shown by those 3 alpha individuals may have reflected an arousal level that interfered with information processing on the more difficult tasks that required memory and attention.
Efficacy of Individual Differences in the Wild
Many researchers have commented on the adaptive nature of individual differences within populations. We know that a variety of traits must be available for selection to operate. Because of the unpredictability in the environment, differences among individuals will be encouraged by selection (Slater, 1981) . Behaviors of individuals often depend on what their conspecifics do. For instance, individuals foraging at different times do not compete (Clark & Ehlinger, 1987) , benefiting both individuals and relations within the flock. Also, if some individuals approach quickly and boldly while others take time to look carefully and proceed more cautiously, the latter may (1) note useful cues from the former, (2) have time to note and avoid predators, and (3) find insects stirred up by the others or seeds dropped on the ground, thus locating what has been overlooked earlier, an efficient use of resources. In flocks of birds, such individual styles of foraging could also aid in recognition of individuals, as Skutch (1996) has noted about differing behaviors. Verbeek, Drent, and Wiepkema (1994) point out that birds that are slower to approach may note changes in their surroundings, an important trait when the environment around them is changing.
CONCLUSIONS
Cognitive as well as motor skills are required to make adaptive changes in the wild because ecological opportunities change constantly. There has been an unstable environment for the yellow-crowned parakeets in New Zealand as their habitat has been modified or lost to wildlife (Taylor, 1985) . Piaget, whose early training was as a biologist, thought of cognitive growth as a "specific form of biological adaptation of a complex organism to a complex environment" (Flavell, 1985, p. 4) . Using Piagetian tasks, this article demonstrates some of the intraspecific individual differences in cognitive and motor abilities in parakeets that may contribute to relative degrees of success for individuals in their activities in the wild.
Because performance rankings were not directly attributable to the various subject characteristics examined, the rankings most likely reflect a composite of subject factors comprising each unique individual and influencing the perceptual, cognitive, and motor behaviors that determine performance. It is such individual differences within a species that allow maximal exploitation of available opportunities in its niche in the wild. Noticing the disappearance of a slowly moving object in trajectory (3-4) 3
Finding an object which is partially covered (3) 4
Finding an object which is completely covered (3) 5
Finding an object completely covered in one of two places (2) 6
Finding an object completely covered in one of two places alternately (3-5) 7
Finding an object completely covered in one of three places (5-7) 8
Finding an object completely covered in one of three places after successive visible displacements (3) 9
Finding an object under three superimposed screens (2-3) 10
Finding an object after one invisible displacement (3) 11
Finding an object following one invisible displacement with two screens (2) 12
Finding an object following one invisible displacement with two screens alternated (3) 13
Finding an object following one invisible displacement with three screens (5-7) 14
Finding an object following a series of invisible displacements (4-6)
